INTRODUCTION
Correlated responses are common in breeding programs for selection of variables which are difficult to be measured, or when the measurements are expensive. Therefore, understanding the relationship between variables is crucial, since obtaining genetic gains and choosing the best genotypes often rely on a set of agronomic and commercial variables. The knowledge of these relationships allows obtaining a main variable of low heritability, and/or of difficult measurement to be selected based on another (s) variable (s), providing the breeder a more rapid progress than that used for direct selection.
Although it is important, the simple correlation coefficient may create misconceptions regarding the relationship between two variables, and may not be a true cause and effect measurement. Thus, a high or low coefficient of correlation between two variables may result from the effect of a third variable or group of variables, without giving the exact relative importance of the direct and indirect effects of these factors (Cruz et al. 2012 ).
The path analysis (Wright 1921) allows the study of the direct and indirect effects on a response variable, whose estimates are obtained by regression equations using previously standardized variables. The success of the path analysis is based on the most consistent formulation of the cause-effect relationship between variables. Moreover, the split correlation is dependent on the set of variables studied, which is usually determined from prior knowledge of their importance for research, and possible inter-relationships expressed in path diagrams (Cruz et al. 2012 , Oliveira et al. 2010 ).
The consumption of fruits and vegetables has always been valued due to the health benefits of the large amount of vitamins, minerals and fibers they have, contributing to the prevention or delay of the onset of cardiovascular diseases and cancer (Bowen-Forbes et al. 2010 , Tsantili et al. 2010 ). This protective effect has been attributed to the presence of antioxidant phytochemicals. Vitamins C and E, carotenoids, and flavonoids are among the non-enzymatic antioxidants that have received more attention for their possible body beneficial effect , Wolfe et al. 2008 ).
Vitamin C stability in foods is affected by heat, light, oxygen, and pH. Furthermore, high-risk handling reagents, such as sulfuric acid, are used in the quantification and, or in determination of ascorbic acid content (Spinola et al. 2013 , Tarrago-Trani et al. 2012 ).
The need for reliable information on food carotenoids is widely recognized in several fields of study. The factors that make this analysis difficult include the large number of naturally occurring carotenoids, the quantitative and qualitative variation of carotenoids in foods, the small amount of pro-vitamin A carotenoids, their varied biopotency, and the fact that carotenoids are highly unsaturated molecules, which can cause isomerization, oxidation and degradation during analysis (Rivera and Canela-Garayoa 2012, Rodriguez-Amaya 2010) .
The objective of this study was to evaluate the relationship between traits of peach and nectarine, and their direct and indirect effects on the content of ascorbic acid and carotenoids, using path analysis, aiming to assist selection in breeding programs.
MATERIAL AND METHODS
The plant material evaluated in this work is part of the collection of 56 peach cultivars and 3 nectarine cultivars located in the orchard of the Department of Plant Science, Federal University of Viçosa, Viçosa (lat 20° 45' S, long 42° 51' W, alt 649 m asl), Minas Gerais State, Brazil. However, only 30 cultivars were evaluated due to fruit availability ( Table 1) .
The orchard was established in the container growing system, in October 2008, spaced 5.0 m between rows, and 3.5 m between plants, with three plants of each cultivar arranged side by side, in an area of about half a hectare. The plant cultivars canopy was obtained by grafting, using the cultivar 'Okinawa' as rootstock. It was carried out cultural practices usually recommended for the culture.
Evaluations were carried out in the years of 2011, 2012 and 2013. Thirty fruits were randomly collected from three trees of each cultivar. Fruits were harvested when the green background color changed to light yellow or white cream, according to the fruit flesh color, and 14 physical and chemical traits were evaluated: fruit mass (FM), in grams (g), was measured to the nearest 0.1 kg with a digital scale; suture diameter (SD) (maximum transversal distance from the suture to the opposite face), equatorial diameter (ED) (maximum transversal distance perpendicular to the suture), and polar diameter (PD) (distance from the apex to the stalk cavity) were measured (mm) using a digital caliper; pulp firmness (FIR) was measured on the equatorial region of one of the faces of each fruit after skin removal, using a 8 mm diameter plunger tip digital penetrometer (TF-011), and was expressed in Newtons (N); soluble solids (SS) was analyzed in the hand squeezed juice from one equatorial face of each fruit, using an ATAGO digital refractometer (Palette PR-101), and was expressed in ºBrix; titratable acidity (TA) was obtained by titrating 5 g ground pulp plus 95 ml distilled water with NaOH 0.1 N solution, and was expressed as percentage of malic acid; soluble solids and titratable acidity (SS/TA) ratio was calculated by dividing values of the soluble solids by the values of titratable acidity; ascorbic acid content in the pulp (AA) was determined by titration, using the Tillman's reagent [2,6dichlorophenolindophenol (sodium salt) 0.1%], according to AOAC (1997) , and was expressed in mg of ascorbic acid per 100 g pulp; carotenoid content (CT) was extracted with 80% acetone of about 2g pulp, according to the methodology proposed by Lichtenthaler (1987) , and was expressed in mg 100 g -1 pulp; skin color (measured in the equatorial region of opposite fruit sides), and pulp color (measured in the central region of one of the pulp faces of the fruit), given by the coordinate b* and the hue angle h°, were determined by reflectometry, using a Minolta reflectometer (Color Reader CR-10), which provides readings of L*, a*, b*, C and °h. The coordinate b* ranges from blue (-60) Estimates of phenotypic correlation coefficients were calculated by the Pearson's method (Steel and Torrie 1960) , and tested at 1 and 5% probability by the t test, with n-2 degrees of freedom. Phenotypic correlation coefficients were determined for all combinations of traits to provide information on the nature and intensity of the relationship between them. Afterwards, the multicollinearity diagnostics was carried out, and the phenotypic correlation was decomposed into direct and indirect effects using path analysis, according to Cruz et al. (2012) .
The multicolinearity test was carried out according to the criteria proposed by Montgomery and Peck (1981) , which are based on the determinants of the correlation matrix and on the condition number (CN = ratio between the largest and smallest eigenvalue) of these matrices. According to these authors, as the determinant of the correlation matrix between traits approaches zero, multicollinearity becomes more severe. Besides, if NC <100, multicollinearity is not a serious problem (weak multicolinearity). If 100<CN<1000, multicollinearity is moderate to strong, and when CN>1000, there is evidence of severe multicollinearity. Analysis of the elements of the eigenvectors associated with eigenvalues, as described by Belsley et al. (1980) , was performed to detect the traits that contributed to the presence of multicollinearity.
To estimate the path coefficients, it was first used a flow diagram to show the cause-effect relationships using the association between the response variable ascorbic acid content (AA) and the explanatory variables, and then it was used another causal diagram to show the interrelationship between the response variable carotenoid content (CT) and the explanatory variables. All analyses were carried out using the GENES software (Cruz 2013) , with means of three years of evaluation. Table 2 shows the phenotypic correlations between the variables. The strongest positive correlations were observed between FM, SD, ED and PD (above 0.87). Albuquerque et al. (2004) also observed that the phenotypic correlation between fruit mass, equatorial diameter and polar diameter was strong and positive (above 0.83) in two years of evaluation. In the same way, Saran (2007) studied the association between peach traits, and found strong positive correlations between fruit mass, length (PD) and diameter (ED) (above 0.96). Albuquerque et al. (2004) discussed that the improvement of fruit physical traits can be based on selection for fruit diameter and low length (PD)/diameter (ED) ratio. Negreiros et al. (2007) suggested that these correlations indicate that the selection of plants with heavy fruit can be based on the equatorial fruit diameter, in the field, without weighing them, which can greatly facilitate selection in passion fruit.
RESULTS AND DISCUSSION
All low correlations were observed between ascorbic acid content (AA) and the other variables (Table 2) , such as the correlation between TA and AA (0.20). It can be inferred that the environment influences the relationship between the studied variables. Similarly, Silva et al. (2013) found weak correlation between TA and AA (0.07) in peaches. However, in acerola, Nunes et al. (2004) reported that the association between TA and AA was strong (0.77).
Using path analysis significant direct association with the carotenoid content of the pulp (°h) (0.92) ( Table 2 ), indicating that fruits with more intense yellow pulp, with lower values of (°h) have higher carotenoid contents. This also evidences the direct influence of the variable carotenoid content on the color of the pulp, regardless of other traits under study. Costa et al. (2010) concluded that total carotenoid content characterizes the yellow color of red mombin pulp (Spondias purpurea), by using colorimetric analysis. Meléndez-Martínez et al. (2010) and proposed that the variation in the pulp color observed among orange varieties is due to variations in the amount of different carotenoids.
The path analysis constitutes an expansion of multiple regression, when they are involved in complex interrelationships and, or, several causal diagrams, the reliability of the path coefficients may be affected by the effects of existing multicollinearity between the traits that make up the causal diagram due to high variance associated with their estimators (Souza et al. 2014) . When multicollinearity increases, the ability to define any effects of variables decreases. It should be noted that some estimators reach very high values, indicating an unreliable estimate (Hair 1998) . A recommended solution is to remove one or more independent variables which are highly correlated. A way to remove these variables 
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is by using the principal component regression through the main components corresponding to the eigenvalues. Thus, it was noted that the diagnosis of multicollinearity between the explanatory variables of the ascorbic acid content (AA) indicated high collinearity, and variables MF, SS/TA, CT, and DS were redundant. The diagnosis of multicollinearity found for the explanatory variables of the carotenoid content (CT) presented high collinearity, and the variables MF, DE and SS/TA were removed from the path analysis (Tables 3 and 4 ).
The first causal diagram (Table 3) showed high direct effect of SS on the ascorbic acid content (AA); however, the correlation between SS and AA was weak. Moreover, the path analysis showed that the explanatory variables (ED, PD, FIR, SS, TA, skin b*, skin °h , pulp b*, and pulp °h) considered in this model are not the main determinants of the ascorbic acid content (AA), since the coefficient of determination of the model was of low magnitude (R 2 = 0.35) and of high residual effect (0.81). The high instability of vitamins and pro-vitamins increasing local and climate change may result in significant changes in qualitative and quantitative composition of these nutrients. According to Silva et al. (2016) , peaches can lose nutrients due to different crop harvesting, and ascorbic acid content has been reported as the most spoilage reaction that occurs between harvests. Ascorbic acid is a synergistic antioxidant and oxygen scavenger. It acts directly with oxygen, forming ascorbic dehydroacetic acid and eliminating the supply of oxygen available for autooxidation reactions (Daiuto et al. 2011 ). Hojo et al. (2011 stated that, during senescence, ascorbic acid of the fruit is Table 4 . Path analysis of the main dependent variable (carotenoid content) and independent variables, in 28 peach cultivars and two nectarine cultivars, with decomposition of phenotypic correlations into components of direct (main diagonal in bold) and indirect (off-diagonal) effects used in oxidative reactions, which are activated by cellular stresses experienced by the membranes during this period, contributing to the reduction in the ascorbic acid content. Nunes et al. (2004) , working with red mombin, found that the variable TA was the main determinant of the ascorbic acid content, which is opposed to reports by Gomes et al. (2000) , who recommended the selection based on SS for gains in vitamin C in acerola.
The second causal diagram showed that the coefficient of determination was high (R2= 0.96±0.011), with low residual effect (0.21), meaning that the explanatory variables (SD, PD, FIR, SS, TA, AA, skin b*, skin °h, pulp b*, and pulp h°) used in this model are the main determinants of the response variable carotenoid content (Table 4) .
Among the variables in the path diagram, pulp °h presents coefficient of correlation of -0.92, and direct effect of -0.84 (Table 4) . These results indicate that the selection based on the variable yellow hue results in gain for carotenoid content. This fact is of great importance for breeding programs, since the evaluation of the yellow hue (pulp °h) with a colorimeter is cheaper and easier. The spectrophotometric methods described in the literature for the determination of carotenoids are very accurate, although they are laborious for the evaluation of large progenies; they require large amount of reagents, and are time consuming (Carvalho et al. 2005) . In tomato, studies on the intensity of the correlation between chromaticity and pigment concentrations have shown good correlation between fruit color and lycopene content, a predominant carotenoid in tomatoes (George et al. 2011 ).
The other explanatory variables had, in general, significant correlations with carotenoid content; however, they were associated with direct effects of low magnitude, and the largest indirect effects observed were through °h of pulp, as for TA, skin b*, and pulp b*.
The highest correlation coefficients were found between the traits FM, SD, ED, PD, and between carotenoid content and °h of pulp. The yellow hue of the pulp is associated with the carotenoid content of peaches and nectarines. The physical and chemical traits considered in the path diagrams (ED, PD, FIR, SS, TA, skin b*, skin °h, pulp b*, pulp °h) are not the main determinants of ascorbic acid content. The yellow hue of the pulp (pulp °h) has potential to be used as indirect selection for carotenoid content.
